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spheres.    But A, J?, the poles of the third sphere, are carried round  the  zodiac or ecliptic by the motion of the second sphere in a time equal to the ' zodiacal' period of the planet. Now the axis of symmetry of the ' spherical lemniscate' (the arc of the great circle bisecting it longitudinally) always lies on the ecliptic.    We may therefore substitute for the third and  fourth  spheres the 'lemniseate'  moving bodily round the ecliptic.    The combination of the two motions (that of the ' lemniscate' and that of the planet on it) gives the motion of the planet through the constellations.    The motion of the planet round the curve is an oscillatory motion, now forward in acceleration of the motion round the ecliptic due to the motion of the second sphere, now backward in retardation of the same motion; the period of the oscillation is the period of the synodic revolution, and the acceleration and retardation occupy half the period respectively.    When the retardation in the sense of longitude due to the backward oscillation is greater than the speed of the forward motion of the lemniscate itself, the planet will for a time have a retrograde motion, at the beginning and end of which it will appear stationary for a little while, when the two opposite motions balance each other.
It will be admitted that to produce the retrogradations in this theoretical way by superimposed axial rotations of spheres was a remarkable stroke of genius.    It was no slight geometrical achievement, for those days, to demonstrate the effect of the hypotheses;  but this is nothing in comparison with the speculative power which enabled the man to invent the hypothesis which would produce the effect.    It was, of course, a much greater achievement than that of Eudoxus's teacher Archytas in finding the two mean proportionals by means of the intersection of three surfaces in space, a tore with internal diameter nil, a cylinder and a cone; the problem solved by Eudoxus was much more difficult, and yet there is the curious resemblance between the two solutions that Eudoxus's hippopede is actually the section of a sphere with a cylinder touching it internally and also with  a certain cone; the two cases together show the freedom with which master and pupil were accustomed to work with figures in three dimensions, and in particular with surfaces of revolution, their intersections, &c.